Objective: To assess the comparative effectiveness of alternative incentive-based interventions to promote HIV testing among men.
Introduction
Knowledge of one's HIV status is a critical first step in accessing HIV prevention and treatment services and is essential for realizing the potential of antiretroviral therapy (ART)-based prevention. Achieving high testing coverage is also imperative for meeting the UNAIDS 90-90-90 targets to end the AIDS epidemic, which begin with a goal of 90% of HIV-infected persons knowing their status by 2020 [1] . However, despite expansion of HIVtesting services in sub-Saharan Africa nearly half of HIVinfected people remain unaware of their status [2] . Men, in particular, are more likely to have never having tested for HIV [2] . The impacts of this disparity include delayed entry into HIV care, delayed ART start and higher mortality among men compared with women [3] [4] [5] . Late or nondiagnosis with HIV infection also results in missed opportunities for HIV prevention. Interventions that can boost testing uptake among men are, therefore, urgently needed.
Economic incentives have been shown to promote a number of health behaviors [6] [7] [8] . Such incentives have a conventional economic rationale as they reduce the cost of undertaking a health behavior, as well as a behavioral economics rationale because they address individuals' tendency to delay behaviors for which costs may be immediate whereas benefits may lie in the future. For HIV testing, the immediate costs may include transportation to testing sites, stigma, and anxiety about obtaining test results, whereas benefits, such as maintaining health with ART and reducing transmission to sexual partners, may be more distant. Indeed, providing small economic incentives has been shown to achieve increases in various HIV prevention-related behaviors including HIV testing, antenatal clinic visits by HIV-positive women, and medical male circumcision [9] [10] [11] .
Most incentive-based approaches, however, to promote health behaviors, particularly in resource-limited settings, have relied on standard, gain-framed incentives (providing a small reward for carrying out a behavior) and have not utilized additional insights from behavioral economics that may yield better results at comparable or lower cost. For example, as people generally pay greater attention to the magnitude of a reward than the probability of winning, offering lotteries with low probabilities of winning large prizes may be more appealing than gain-framed incentives, at equivalent perperson programmatic cost [12] . Additionally, people display loss aversion in their decision-making: gaining something of value is less motivating than losing something of equal value [12] . In a few trials in the United States, incentive-based interventions using lotteries and loss aversion have been shown to promote behaviors such as smoking cessation, weight loss, and physical activity [13] [14] [15] . Yet these alternative incentive types have rarely been attempted in low-income countries, and their effectiveness compared with gainframed incentives for HIV testing is unknown.
To identify practical interventions that can increase HIV testing rates and test behavioral economic theories in the field, we conducted a randomized trial to assess the comparative effectiveness of alternative incentivebased interventions.
Methods
We conducted a 3 Â 2 factorial, randomized trial to study the comparative effectiveness of novel incentive strategies at high-incentive and low-incentive amounts, informed by behavioral economics, to promote HIV testing among men living in rural Uganda (NCT: 02890459).
From April to June 2016, we enrolled participants from villages in four rural parishes in Mbarara District, Uganda. The parishes are geographically adjacent to one another and fall within the catchment area of one PEPFARsupported government clinic where HIV treatment and other health services are available. We first enumerated residents of the study communities via a door-to-door census of all households; 13 971 residents were enumerated. All census participants provided verbal informed consent in their preferred language with fingerprint confirmation of agreement. We also performed digital biometric fingerprint measurements (U.are.u 4500 Reader, Digital Persona, Crossmatch, Florida, USA) of all available household members.
We offered enrollment to all census-enumerated, adult (!18 years) men who had been living in the community for at least 6 months in the year prior to enumeration and had no intention of moving away from the community in the next 3 months (N ¼ 2784). Men who agreed to participate and provided written informed consent were administered a baseline questionnaire regarding their health, socioeconomic status, and HIV testing history.
Participants chose preprinted scratch cards from several offered by study staff to unveil study group allocation. Daily tallies of randomization scratch cards distributed and returned to the study offices were kept and compared with enrollment numbers to ensure that no more than one scratch card was distributed for each participant. Participants were randomized (by block randomization, with block size ¼ 30 and allocation sequence computergenerated prior to initiation of trial enrollment by study investigators) to six groups that received incentives of varying types and amounts for free HIV antibody testing at multidisease community health campaigns (CHCs) in their communities over 2 weeks in June-July 2016 (Fig. 1) . Such CHCs represent a form of rapid, large-scale community-based health service delivery that has been implemented in other Ugandan and Kenyan communities [16, 17] . A total of 13 CHC days were held throughout the four parishes, and all community members including women and children could receive CHC services.
The three incentive types for study participants were standard, gain-framed incentives (control); loss-framed incentives; and lottery-based incentives. Participants randomized to gain-framed incentives were told they would receive a small prize, such as a washbasin or hoe, if they came to the CHC for HIV testing (they could choose the prize at the CHC). Participants randomized to loss-framed incentives were congratulated at the time of enrollment and told they had won a small prize. They were then shown photos of various prizes, asked to consider and choose the prize they wanted, and then given a card containing a photo of the prize they chose. Finally, they were told they would lose that prize if they did not come for HIV testing. Participants randomized to lottery-based incentives were told that if they participated in HIV testing they would automatically enter a lottery and have a chance to instantly win large prizes such as mobile phones and bicycles at the campaign. Probabilities of winning lottery prizes ranged from one in 10 to one in 25, with higher value prizes having lower probability. Lottery scratch cards were used at the campaign, so that when a participant in the lottery group completed participation in the health campaign, including testing for HIV, he could select one scratch card that indicated if he had won a prize or not. Appendix 1 provides further detail on these incentive types.
Each incentive type had a low and high amount, with a per-participant cost (from the program perspective) of about US$1 and US$5, respectively. Though the value of a reward and receiving an award may be on the same causal pathway in which incentives promote behavior change, the expected value (amount) of the reward is independent from the incentive type (i.e. gain-framed, loss-framed, or lottery), and as such, we considered it justifiable to compare three incentive types at two amounts using a 3 Â 2 factorial trial design. For the lowcost and high-cost lotteries, prizes and corresponding probabilities of winning them were selected in such a way as to ensure per-participant costs of US$1 and US$5, respectively. All prizes were chosen in consultation with village leaders, and were distributed after HIV testing and counseling was completed. Lottery participants were given a scratch card that either revealed a prize or thanked the participant for coming to the campaign.
At the CHC, point-of-care rapid HIV antibody testing was performed by finger-prick blood collection using test kits and a serial testing algorithm based on Uganda Ministry of Health guidelines [18] . Additional CHC services included pretest and posttest HIV counseling, screening of adults for hypertension, diabetes mellitus, malaria (if attendee reported fever), and tuberculosis (by sputum microscopy, if attendee reported cough for >2 weeks), and vitamin A and deworming treatment for children less than 5 years, as we have previously described [16] . The streamlined delivery of services at CHCs allows for large numbers of individuals to be tested over a short duration of time, as prior studies have shown [16, 19] .
The primary outcome was participation in HIV testing at the CHC. Participant identification and CHC attendance Novel incentives to promote HIV testing Chamie et al. 1445 were verified by fingerprint biometric measurement at the campaign. A secondary outcome was HIV positivity among participants who tested for HIV.
We used x 2 tests to make a prespecified comparison of the primary outcome in the loss-framed vs. gain-framed groups and lottery vs. gain-framed groups. We hypothesized that HIV-testing uptake in the alternative incentive groups would be higher than uptake in the two gainframed groups. Additionally, separately at the low and high incentive amounts, we used the x 2 test to compare testing uptake in each of the alternative incentive groups to the gain-framed incentive group. In accordance with the factorial trial design, we also estimated a modified Poisson regression model with robust error variance that included interaction terms between incentive type and incentive amount.
For the secondary outcome of HIV positivity among participants who tested for HIV at the CHC, we used x 2 tests to perform similar comparisons. Consistent with the theory that risk-seeking individuals would prefer lotteries, we hypothesized that the proportion of testers who tested HIV-positive would be higher in the lottery incentive groups than the gain-framed groups. To account for multiple hypothesis testing in the analysis of primary and secondary outcomes, we used a Bonferroni correction with resulting P values of 0.01 (for five tests in the 3 Â 2 factorial design, with an initial criterion for significance of alpha ¼ 0.05).
We used regression models to perform subgroup analyses that compared HIV-testing uptake in the alternative incentive types to the gain-framed incentive among men considered highest priority for HIV testing based on prior testing and sexual behavior. Subgroups included participants who had or had not tested for HIV in the 12 months prior to enrollment, and those with multiple (>1) or one self-reported sexual partners. Additional subgroups we examined were participants with abovemedian and below-median income. We used modified Poisson regression models with robust error variances and adjusted for incentive cost. As above, we used a Bonferroni correction with resulting P values of 0.008 for the subgroup analyses (for six comparisons, with an initial criterion of significance of alpha ¼ 0.05) Power calculations were used to determine the minimum detectable effect sizes in comparisons of HIV-testing uptake among the three incentive types. We estimated that with 3000 participants, there would be 80% power to detect absolute differences of at least 6% points in HIVtesting uptake between the gain-framed incentive groups and either of the two alternative incentive groups (a ¼ 0.05, two-sided), assuming HIV-testing uptake as low as 30% in the gain-framed groups. In addition, there would be 80% power to detect absolute differences of at least 9% points in testing uptake between the low-cost, gain-framed incentive group and each of the other five intervention groups.
The Makerere University School of Medicine Research and Ethics Committee (Uganda), the Ugandan National Council on Science and Technology, and the University of California San Francisco (UCSF) Committee on Human Research (USA) approved the study protocol. The UCSF Committee on Human Research served as the institutional review board of record for investigators from the University of North Carolina and the University of Pennsylvania (USA).
Results
Overall, 2532 participants (91% of enumerated men who met eligibility criteria) were enrolled and randomized; 2527 (99.8%) had full data available for analysis (Fig. 1) . Demographic and economic characteristics of participants did not differ significantly across study groups (Table  1) . Among all participants, the median age was 36 years and farming was the most common occupation (51%). Participants' median daily wage was US$1 (IQR: $0.60-$1.80). Prior testing history did not vary by study group: 78% (1959/2527) reported ever HIV testing and 48% (1218/2527) reported HIV testing in the 12 months prior to enrollment.
Over the 13 CHC days, 1924 (76%) participants tested for HIV. HIV prevalence among all participants tested was 7.6% (146/1924). Among HIV-infected participants, 74 of 146 (51%) self-reported being newly diagnosed with HIV at the CHC: 23 of 146 (16%) self-reported no prior HIV testing, and 51 (35%) reported last testing HIV negative. Compared with HIV-testing uptake in the two gain-framed groups (74%), there was no significant difference in testing uptake in the two lottery groups (78%; P ¼ 0.076) or two loss-framed groups (77%; P ¼ 0.235). Across incentive types, there was no significant difference in testing uptake in high-cost ($$5) vs. low-cost ($$1) per participant groups (77 vs. 75%, respectively; P ¼ 0.416; see Table 2 ).
Among participants in the low-cost groups, testing uptake was significantly higher in the lottery group than the gain-framed incentive group (80 vs. 72%; P ¼ 0.009). There was no significant difference in testing uptake in the low-cost, loss-framed group (75%) compared with the low-cost, gain-framed group (72%; P ¼ 0.256; Fig. 2 ). Among participants in the high-cost groups, HIV-testing uptake in the lottery (76%) and loss-framed (78%) groups were not significantly different than in the gain-framed group (76%). In regression analyses that included interaction terms between incentive type and cost (Table 3) , HIV-testing uptake was significantly higher at low costs in the lottery group compared with the gain-framed incentive group [adjusted relative risk (aRR) 1.11; 95% CI 1.03-1.20]. At high costs, however, lottery rewards were not more effective than gain-framed incentives.
For the secondary outcome of HIV-positive testing among participants, there was no significant difference in HIV positivity among testers in the lottery and gainframed groups (7.7 vs. 9.4%; P ¼ 0.279), or in the proportion of participants newly diagnosed with HIV among testers in the lottery and gain-framed groups (4.8 vs. 4.4%; P ¼ 0.735). However, significantly fewer participants in the loss-framed groups tested HIV-positive than in the gain-framed groups (5.8 vs. 9.4%; P ¼ 0.015).
In addition, significantly fewer participants in the lossframed groups were newly diagnosed with HIV than in the gain-framed groups (2.4 vs. 4.4%; P ¼ 0.044).
Subgroup analyses revealed that among participants who had not tested for HIV in the 12 months prior to enrollment, HIV-testing uptake was higher in the lottery groups than the gain-framed incentive groups, but did not reach statistical significance at P less than 0.008 (aRR 1.15, 95% CI 1.03-1.28, P ¼ 0.012). There was no such difference when comparing the loss-framed groups to the gain-framed groups (aRR 1.06, 95% CI 0.94-1.19). No significant differences were found by incentive type in a similar regression model among participants who had Novel incentives to promote HIV testing Chamie et al. 1447 (6) 35 (8) 19 (5) 25 (6) 14 (3) 28 (7 tested for HIV in the prior 12 months. A higher likelihood of HIV testing in the lottery group was also observed among participants reporting one sexual partner (aRR 1.12, 95% CI 1.02-1.22, P ¼ 0.015), and participants with above-median daily income (aRR 1.13, 95% CI 1.01-1.27, P ¼ 0.027), but neither was statistically significant at P less than 0.008. A similar trend, also not statistically significant, was observed among participants reporting multiple (>1) sexual partners and below-median daily wages (Supplementary Table 4 , http://links.lww.com/QAD/B263).
Discussion
In this large randomized trial comparing two novel incentive interventions to standard, gain-framed incentives in rural Uganda, HIV-testing uptake among adult men was not significantly higher when incentives were offered via lottery or framed as losses, compared with gain-framed incentives, or when the per-participant cost of incentives was increased from $1 to $5. However, in a prespecified sub-group analysis, lottery-based incentives with per-participant costs of US$1 achieved 80% testing uptake among adult men and significantly higher testing 1448 AIDS 2018, Vol 32 No 11 Table 3 . HIV testing at a multidisease community health campaign (CHC) by randomized trial group, with the low-cost, gain-framed incentive group as the reference group in the adjusted model, comparing incentive type and cost. Fig. 2 . HIV-testing uptake among men participating in a 3 T 2 factorial, randomized trial of novel incentive strategies (lotterybased incentives and loss-framed incentives) vs. standard, gain-framed incentives, with men in each incentive type arm randomized to high-cost vs. low-cost per participant incentive amount.
uptake than gain-framed incentives (72%) of comparable cost -suggesting a potential benefit of lotteries over standard gain-framed approaches at low incentive values. The findings are timely and relevant given the 90-90-90 targets recently established by UNAIDS [1] and the common reliance of many donors, governments, and programs on low-cost, gain-framed incentives to promote health behaviors [20] . They suggest that countries and programs providing HIV-testing services and not reaching priority populations could consider offering low-cost lottery-based incentives, rather than higher incentive amounts, in order to maximize uptake of services.
The incentive interventions tested in this study were chosen to leverage insights from behavioral economics and improve upon gain-framed incentives commonly used to promote health behaviors. Although the latter approach has shown promise, studies have rarely assessed whether alternative incentive types can deliver better 'bang for the buck.' Few studies have directly compared lottery incentives to gain-framed incentives: most have taken place in high-income countries with higher cost incentives than those used in our study, and only one has focused on HIV testing [14, 15, 21] . These studies have found variable results, with one showing that lottery-based incentives were more effective in promoting weight loss in the United States [14] whereas another found that gain-framed incentives were more effective in promoting Chlamydia screening in the United Kingdom [22] . A trial in Lesotho compared lottery-based incentives for obtaining negative sexually transmitted infection test results every 4 months over 2 years to a control condition of no incentives and found a reduction in HIV incidence among lottery participants. However, this trial did not compare the lottery intervention to other incentive strategies [23] . In one randomized trial, gain-framed and lottery-based incentives provided to households resulted in greater HIV-testing uptake than no incentives among children from these households in Zimbabwe; the gain-framed and lottery incentive groups had similar HIV-testing uptake, though the two incentive types were not directly compared [21] . The study most comparable with ours found that lottery-based incentives with per-participant costs of US$12.50 were less effective at increasing medical male circumcision in Kenya than equivalent gain-framed incentives [24] . In contrast, we found that low-cost lotteries may be more effective at promoting HIV testing among men than gain-framed incentives of equivalent cost. Encouragingly, we also found a potential signal that lotteries worked better among men who had not tested for HIV recently, a high-priority population. However, the operational complexity of implementing novel incentive approaches, such as lotteries, merits consideration, and may also explain, in part, heterogeneity in the effectiveness of lotteries in different settings.
Interestingly, we found the lottery approach was more effective than a gain-framed approach at low incentive amounts but not at higher amounts. One explanation for this differential effect could be the 'peanuts effect [25] ,' as people may be more drawn to a lottery-based reward when the alternative is a small gain-framed incentive but not when the alternative is a large gain-framed reward. With rewards of higher amounts, a gain-framed incentive (i.e. a 'sure thing') becomes relatively more appealing than a gamble (or lottery). Our study offers the first field-based experimental evidence for this theory. Our findings indicate that for screening tests that can be conducted rapidly, keeping incentive amounts low and changing incentive design to lotteries may be more cost-effective than increasing the incentive amounts. Going forward, the question of how to scale lotteries for health outcomes in the public sector also merits consideration. Though the feasibility of implementing lotteries in the public sector is beyond the scope of our trial, lotteries and other games of chance are common in sub-Saharan Africa, with national lotteries held in Uganda (https://www.billionlotto.co.ug) and Kenya (https://mylotto.co.ke). Our study provides further supporting evidence that leveraging lotteries for health, in this case using a scratch card system to promote HIV testing, is feasible and acceptable in a rural African setting.
Although loss-framed incentives resulted in higher HIVtesting uptake than gain-framed incentives at both incentive amounts, the differences in uptake were not statistically significant. Loss aversion as a motivating factor for behavior change has been well described and has served as a basis for deposit-contract interventions that seek to impact behaviors such as smoking and exercise [13, 15] . Yet such interventions typically have low uptake and there are obvious barriers to implementing them in low-income settings. A key challenge, therefore, is to find novel ways to leverage loss aversion in incentive-based interventions. We attempted to address this challenge by enhancing 'virtual' ownership of incentive prizes and framing them as losses rather than gains. The limited impact of this approach may have been a result of an insufficient sense of true ownership of the incentive prizes. Loss framing may also be more effective for daily behaviors for which it is possible to establish a virtual endowment and provide regular notification about any losses incurred [15] . Other approaches to leveraging loss aversion to promote health behavior change are needed.
Offering testing services at multidisease community health campaigns may partially explain the high levels of testing we observed. There is strong evidence that community-based HIV testing can achieve higher testing coverage than facility-based testing [26, 27] . However, men have had lower than desired testing uptake in prior community-based approaches. HIV-testing uptake among men at similar campaigns implemented in the study region, either without incentives (52%) [19] or with minimal incentives worth $0.20 per-participant (64%) [16] was lower than testing uptake among men in this study, all of whom received some incentive (76%). Though there is room for improvement even in the group with highest HIV-testing uptake (80%), our findings show that the right types of incentives can offset barriers to testing for many men and achieve high testing coverage in campaigns.
Our study has limitations. First, although we attempted to leverage loss aversion, whether participants in lossframed groups felt they were truly 'losing' something already 'owned' by not testing remains unknown. Ongoing qualitative analyses will explore this further. Relatedly, fidelity to the loss-framed intervention was not assessed in all interactions, as research assistants enrolled participants privately in their homes. However, standardized scripts were used and frequent retraining occurred. Second, as HIV status of untested participants is unknown, we are unable to fully evaluate differences in identification of HIV-infected persons by incentive strategy. However, the lack of differences in baseline demographics, socioeconomic status, and self-reported HIV risk behavior across groups is reassuring, and suggests HIV prevalence in each group was similar. Also, as newly diagnosed HIV was based on self-report, we may have over-estimated new diagnoses identified at the campaign. Third, by design, the study did not include a control arm that offered no incentives for testing, as we believe there is ample evidence that standard forms of incentives can increase HIV-testing uptake [28, 29] . Instead, we sought to address a more novel question of how to optimize incentive interventions. On the basis of far lower testing uptake by men in a community-based testing campaign that we previously conducted without incentives in neighboring communities (52% of adult men tested) [19] , we anticipate testing uptake among men would have been substantially lower without incentives in our study community. Fourth, our trial may have been underpowered to detect small but significant differences in HIV-testing uptake across the study arms. Although we aimed to enroll 3000 men, fewer than 3000 adult male residents of the study community met inclusion criteria. Finally, the feasibility of implementing these novel incentive strategies on a larger scale remains untested and is a promising area for policy innovation.
In conclusion, in this large trial comparing the novel approaches of lottery-based and loss-framed incentives to gain-framed incentives, low-cost lottery-based incentives were significantly more effective in increasing HIVtesting uptake among men than gain-framed incentives of comparable cost. Offering lottery-based rewards that have a low per-person cost is a promising way for programs to achieve high HIV testing coverage among men. Such forms of incentives warrant further consideration by donors, governments, and programs that seek to address demand-side barriers to utilization of various other types of health services as well.
